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(g) Bypass injector valve for variable cycle aircraft engines. 

(57) Noise suppression of a variable cycle aircraft 
engine is achieved during takeoff by reducing 
the velocity and thrust of the primary exhaust 
flow. A bypass valve (30) located between a high 
pressure bypass air duct (32) and a low pressure 
flade duct (34) provides an alternative exhaust 
path for the bypass air (16). Mixing of the 
bypass air (16) and external fan air (28) reduces 
the fan pressure ratio and produces a dump 
loss, both of which reduce exhaust noise during 
takeoff. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates in general to noise 
reduction in a high speed civil transport aircraft en- 
gine and relates in particular to a valve which allows 
high pressure fan bypass air to mix with lower pres- 
sure f lade air during takeoff. 

Description of Prior Developments 



haust stream 14 exiting the primary nozzle 26 so that 
when these two coannual exhaust streams mixed to- 
gether upon exiting the engine 10, the primary ex- 
haust stream 14 was slowed down by the fan air 16 
5 thereby reducing overall exhaust noise levels. 

IVP nozzle 22 also allows nozzle pressure ratio 
variation of the engine 10. This pressure ratio varia- 
tion is, needed to minimize jet exhaust noise. The en- 
gine must operate at its maximum airflow for as wide 
10 a range of thrust as possible. To do this, the engine 
must operate at its maximum fan speed and still vary 
thrust Normally, this is done by varying exhaust noz- 
zle area 20. Since a mechanical noise suppressor 12 
is fixed in place within primary nozzle 26, the area 20 
is also fixed. Hence, by opening the IVP nozzle 22, 
fan bypass air 16 is diverted from the primary nozzle 
26. In this way, total nozzle area is varied and engine 
thrust can be modulated. 

Referring now to Fig. 1, during takeoff, the mech- 
anical noise suppressor 12 is positioned across the 
exhaust nozzle area 20 as the bypass air 16 is chan- 
neled radially inwardly and axially rearwardly to exit 
through the variable area IVP nozzle 22. This ar- 
rangement provides for noise suppression of the ex- 
iting primary air 14 during aircraft takeoff. 

After takeoff, engine 4 0 typically accelerates the 
aircraft by operating as shown in Fig. 2. The mechan- 
ical noise suppressor 12 is moved out of the exhaust 
nozzle area 20 while the variable area IVP nozzle 22 
reduces its exit area. During supersonic cruising op- 
eration, as illustrated in Fig. 3, the variable area IVP 
nozzle 22 blocks the flow of bypass air 16 there- 
through such that substantially all bypass air is mixed 
within the primary exhaust stream 14 and exits the 
primary exhaust nozzle 26 through exhaust nozzle 
area 20. 

With the advent of advanced technology noise 
suppressors and the variable cycle f lade engine con- 
cept, the inner plug or IVP nozzle 22 of Figs. 1 , 2 and 
3 is no longer needed to contribute to noise suppres- 
sion. With the conventional flade design shown in 
Fig. 4, engine high- flowing compensates for the lack 
of a coannular exhaust system such as shown In Figs. 
1,2 and 3. 

The flade engine configuration of Fig. 5 includes 
just two exhaust nozzles, i.e., the variable area flade 
nozzle 24 for a flade fan, and primary nozzle 26 for 
the variable cycle engine. The variable cycle engine 
essentially drives the flade fan which exhausts flade 
air 28 through flade exhaust nozzle 24. Core air 18 
combines with bypass air 16 and through primary ex- 
haust ducts 25. 

During takeoff, only the variable cycle engine 
nozzle 26 requires a mechanical noise suppressor 1 2. 
With the nozzle 26 fitted with a nois suppressor 1 2, 
engine thrust can be modulated in two ways. First, by 
modulation of the flade fan operating line and second, 
by simultaneous modulation of both the variable cycle 



Noise reduction in current high speed civil trans- 
port aircraft engines is accomplished through a com- 
bination of high-flowing the engine, that is, operating 15 
the engine at its maximum airflow capability, and 
through the use of mechanical noise suppressors. 
Prior noise suppression schemes for a mixed flow tur- 
bofan or variable cycle engine 10, such as schemati- 
cally illustrated in Figs. 1, 2 and 3, involve fitting a 20 
fixed area noise suppressor 1 2 in the primary exhaust 
stream 14 and introducing low temperature bypass air 
1 6 into the center of the exhaust stream, thus creating 
a coannular exhaust nozzle system. Although engine 
1 0 of Figs. 1 , 2 and 3 is shown as a standard variable 25 
cycle engine, it could be modified as a fan-on-blade 
or "flade" engine of the type depicted in Figs. 4, 5 and 
6. 

In the conventional coannular exhaust configur- 
ation shown in Figs. 1 , 2 and 3, the total noise reduo 30 
tion is divided in two parts. One part is attributable to 
the mechanical noise suppressor 12 reducing noise. 
The other part is attributable to the slower cool central 
stream of bypass air 16 shearing with the primary 
stream of air 1 4 thereby slowing the core air and thus 35 
reducing noise. 

Since the mechanical noise suppressor 12 fixes 
the exhaust nozzle area 20 of primary nozzle 26, the 
inverted velocity profile (IVP) nozzle 22, having a va- 
riable area, is used to effect nozzle pressure ratio 40 
modulation, hence thrust variation, at constant air- 
flow. The velocity profile of the exhaust of Figs. 1, 2 
and 3 is reversed from that of conventional exhaust 
systems in which the low velocity air surrounds the 
high velocity air. (Inverted velocity profile (IVP) refers 45 
to the fact that low velocity air is located radially in- 
ward from high velocity air.)Hence, on the variable cy- 
cle engine of Figs. 1, 2 and 3, the velocity profile of 
the exhaust system is inverted relative to a conven- 
tional exhaust system. 50 

Use of the IVP nozzle 22 has been an ess ntial 
feature of prior noise reduction systems n high 
speed civil transport aircraft engines. Th IVP nozzle 
22 is required in the con v ntional exhaust systems of 
Figs. 1 , 2 and 3 for directing cool primary fan air 16 55 
inside of the primary exhaust stream 14. The cool pri- 
mary fan air 16 xhausts through the IVP nozzle 22 
at a velocity lower than that of the hot primary ex- 
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engine augmenter t mperature rise and variable cy- 
cle engine nozzle pressure ratio. The variable cycle 
engine exhaust temperature and pressure must 
change simultaneously in order to maintain a variable 
cyde engine nozzle area 20 fixed by the size of mech- 
anical noise suppressor 12. 

Takeoff thrust power settings are relatively low, 
about 70% of maximum thrust capability, in order to 
reduce exhaust velocity and thereby reduce engine 
noise. Hence, the use of an afterburner is severely 
limited for thrust modulation since afterburners are 
generally used at power settings of about 70% of max- 
imum thrust or higher. 

Since the f lade fan pressure ratio is low to begin 
with in order to provide supplemental thrust with low 
noise, and flade fan airflow is only about one-half that 
of the variable cycle engine, even large changes in 
the flade fan pressure ratio relative to its design pres- 
sure ratio result in little thrust variation. The fan pres- 
sure ratio is generally defined as the ratio of the total 
pressure of air exiting a fan to the total pressure of air 
entering the fan. 

Accordingly, a method and apparatus are needed 
to throttle a variable cycle engine of the general type 
illustrated in Fig. 4 while the engine operates effi- 
ciently at constant maximum airflow. Such throttling 
is desired in order to reduce engine noise during take- 
off. 

SUMMARY OF THE INVENTION 

The present invention has been developed to ful- 
fill the needs noted above and therefore has as an ob- 
ject the provision of a variable cycle aircraft engine 
which is capable of modulating thrust and suppress- 
ing noise beyond the range presently achievable with 
mechanical noise suppressors. 

Another object of the invention is to extend the 
range of thrust modulation of a variable cycle engine 
while maintaining a constant maximum airflow 
through the engine since the core engine is designed 
to achieve maximum noise suppression at maximum 
airflow. 

Still another object of the invention is to modulate 
the thrust of a high-flowing variable cycle engine hav- 
ing a fixed exhaust nozzle throat area. 

Another object of the invention is to reduce the 
mass located at the rear of a variable cycle engine 
nozzle plug and thereby reduce the bending and 
shear loads experienced by the internal exhaust noz- 
zl support structure and the engin rear support 
structure and particularly the struts of such support 
structures. By reducing such loading, the cross sec- 
tion of the struts which support th nozzle plug may 
be reduced, th r by reducing the obstruction to flow 
through the primary flowpath. This in turn reduces 
pressure losses in the primary flowpath during accel- 
ration and cruis operations. 



Briefly, the invention is directed to a variable cy- 
cle engine having a variable area valve or injector pro- 
vided between a primary duct for exhausting relative- 

5 ly high pressure fan bypass air and a flade duct 
through which passes relatively low pressure flade 
airflow. This arrangement increases the amount of 
thrust modulation available to a high-flowing engine 
having a fixed exhaust nozzle throat area. 

io The aforementioned objects, features and advan- 
tages of the invention will, in part, be pointed out with 
particularity, and will, in part, become obvious from 
the following more detailed description of the inven- 
tion, taken in conjunction with the accompanying 

is drawings, which form an integral part thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In The Drawings: 

20 Fig. 1 is a schematic partial half section view in 
axial section through the exhaust system of a pri- 
or art variable cycle engine as configured during 
takeoff; 

Fig. 2 is a view of Fig. 1 as configured during ao- 
25 celeration; 

Fig. 3 is a view of Fig. 1 as configured during su- 
personic cruise; 

Fig. 4 is a schematic partial view in axial section 
through the exhaust system of a prior art variable 

30 cycle engine of the fan-on-blade or flade type; 

Fig. 5 is a schematic partial half view in axial sec- 
tion through the exhaust system of a flade type 
variable cycle engine provided with a bypass 
valve in accordance with the present invention; 

35 Fig. 6 is a schematic full view in axial section 
through an entire flade engine similar to that of 
Fig. 5; 

Fig. 7 is a fragmental perspective view of a spe- 
cific embodiment of a bypass injector door sys- 

40 tern according to the invention; 
Fig. 8 is a plan view of Fig. 7; 
Fig. 9 is a fragmental schematic view of one of the 
injector doors of Figs. 7 and 8 showing the axial 
reciprocating movement of the door, and 

45 Fig. 1 0 is a fragmental schematic view of another 
embodiment of a bypass injector door system ac- 
cording to the invention. 

In the various figures of the drawing, like refer- 
ence characters designate like parts. 

50 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will now be described in 
55 conjunction with Figs. 5 and 6, which illustrate a vari- 
able cycle ngine 10, of the flade type. Engin 10 is 
of the same general construction as that of Fig. 4, x- 
cept for the provision of a bypass valve or bypass in- 
jector 30. Bypass valve 30 is radially Interpos d be- 

3 



5 



EP 0 567 277 A1 



6 



tween the relatively high pressure, high velocity, fan 
bypass air 16 flowing through variable cycle engine 
bypass duct 32 and the relatively low pressure, low 
velocity flade air 28 flowing through flade duct 34. 5 

As seen in Fig. 6, the flade engine 10 is essen- 
tially a standard variable cycle engine with a flade fan 
11 attached to the primary fan 13. Flade airflow 28 is 
controlled by opening and closing a variable inlet vane 
15 at the flade rotor inlet 17. Flade exit air 28 then 10 
flows through flade duct 34 which is separated from 
the primary core engine. 

The general pattern of exhaust flow as illustrated 
in Fig. 5 includes a primary stream of core air 18 ex- 
iting a core engine portion of the variable cycle engine 15 
1 0 through primary exhaust duct 25. Core air 18 com- 
bines with at least a portion of high pressure fan by- 
pass air 16 which enters the primary exhaust duct 25 
via primary valve 27. This combined flow exits as pri- 
mary exhaust stream 14 via exhaust nozzle area 20 20 
of variable cycle engine nozzle 26 and through mech- 
anical noise suppressors 12. 

When bypass valve 30 is opened during takeoff, 
a portion of bypass air 16 is mixed with the flade air 
28 and exits through variable area nozzle 24. When 25 
bypass valve 30 is dosed, the engine 10 of Fig. 5 
functions in a manner generally the same as the en- 
gine of Fig. 4, except for some variations in the nozzle 
plug 48 as discussed below. 

Although many configurations are possible for 30 
bypass valve 30, Fig. 5 illustrates a hinged door 36, 
selectively pivotable about its forward end portion by 
a powered hinge 38 which may be controlled or actu- 
ated by motor 40. Such a general valve configuration 
Is well known, although Its specific function and loca- ss 
tion as described herein is not. As the bypass valve 
30 is selectively opened by pivoting the hinged door 
36 radially outwardly, fan bypass air 16 flows into the 
flade duct 34 and mixes with the flade air 28. 

The primary purpose of the variable area bypass 40 
valve 30 is to extend the range of thrust modulation 
beyond that available by ot her means whDe maintain- 
ing constant high- flowing airflow from the engine fan 
which is provided with an exhaust nozzle having a 
f ixed throat area 20. This is achieved by channeling 45 
variable cycle engine bypass airflow 16 from the va- 
riable cycle bypass duct 32 into the flade duct 34 by 
opening a port such as hinged door 36. 

By hinging the forward end of door 36 at the for- 
ward end of the opening 42, the aft free end or trailing so 
edge 52 of door 36 can pivot in a stable manner into 
the flade duct 34. This will result in constant area mix- 
ing of the two flows 16, 28. 

Assuming the afterburner is not operating, as va- 
riable cycle engin bypass flow 16 is removed from 55 
the variable cycle engin , th mixed flow 14 xiting 
the variable cycle engine is allowed more expansion, 
as there is less mixed flow due to r moval of fan by- 
pass air 16 from th primary xhaust nozzle stream 



14 via bypass valve 30. This in turn results in a lower 
primary variable cycle nozzle pressure ratio, lower 
thrust and less exhaust noise. 

The variable cycle engine bypass air 16 entering 
the flade duct 34 is at a higher pressure than t he flade 
duct air 28 because the variable cycle engine has a 
higher fan pressure ratio than the flade. The mixing 
of these two streams 16, 28 results in a mixed pres- 
sure which is lower than what the mass averaged 
pressure would be due to non-ideal mixing. This phe- 
nomenon is known as a dump loss. 

This dump loss reduces engine thrust below that 
which would occur if the bypass air 16 were expanded 
through a nozzle without mixing with the flade air 28. 
Hence, the extended thrust modulation range occurs 
from a change in the variable cycle engine nozzle 
pressure ratio range and the dump loss resulting from 
mixing two airstreams of unequal pressures. 

As seen in Fig. 6, this method of thrust modula- 
tion or thrust reduction provides an added benefit by 
reducing the bending and shear loads applied to both 
the internal exhaust nozzle support structure 44 and 
the engine rear support structure 46. This is made 
possible by a reduction in the mass flow past the IVP 
nozzle 22 (Fig. 4), as fiow is diverted away from the 
IVP nozzle area by bypass valve 30. This allows for 
the design of a smaller IVP nozzle, or as shown in 
Figs. 5 and 6, the complete elimination of the IVP noz- 
zle 22. 

Such downsizing or elimination of IVP nozzle 22 
reduces the mass located at the rear portion of the 
nozzle plug 48. In one embodiment, elimination of IVP 
nozzle 22 resulted in a weight reduction of about 148 
pounds and a moment reduction of about 17,760 
pound inches on the nozzle struts. 

Elimination of the IVP nozzle is possible because 
the flade exhaust air 28 provides a large volume of 
low velocity air partially surrounding the primary ex- 
haust stream 18. Since the flade fan pressure ratio is 
lower than the primary fan pressure ratio, the flade 
exhaust air will also slow the primary core stream 18 
as t hey mix upon exiting the engine 1 0. Since the vol- 
ume of flade air is so much greater than that which 
would be channeled to the IVP nozzle 22, any addi- 
tional air through an acoustic IVP nozzle would pro- 
vide insignificant noise reduction. 

Since the bypass 30 allows for channeling fan by- 
pass air 16 into the flade duct 34 and away from the 
primary nozzle 26, just as the IVP nozzle 22 did in pri- 
or designs, thrust modulation is attained with bypass 
valve 30. Hence, the IVP nozzle 22 of Fig. 4 is no lon- 
ger necessary. For these reasons, it is advantageous 
to remove the IVP nozzle 22 and thus reduce the 
ov rail complexity of the exhaust system. 

Moreover, as the present invention does not re- 
quire as much fan bypass air 1 6 to be directed into the 
nozzle plug 48, t he hollow struts 50 which support the 
nozzle plug may b downsized. In particular, the in- 
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ternal op n section of the struts 50 of Fig. 5 only carry 
sufficient airflow for pressurization of the nozzle plug 
48. This allows the cross section of the struts 50 to 
be reduced, thereby reducing the pressure losses in 
the primary exhaust nozzle stream 14 due to block- 
age or obstruction to flow by the struts. 

It can be appreciated that the actuation of bypass 
valve 30 provides for a reduction in exhaust velocity 
while the variable cycle engine 10 maintains a con- 
stant high- flowing (maximum) airflow. This enhances 
the takeoff flow holding performance of the flade. 
The high pressure flow of fan bypass air 16 is dissi- 
pated while the fan is kept running efficiently at full 
speed so that the exhaust velocity and the nozzle 
pressure ratio are reduced along with a reduction in 
exhaust noise. 

The door 32 in Fig. 5, when opened, increases 
the Mach number of the flow through the flade duct 
adjacent the trailing edge 52 of door 36. This reduces 
the static pressure in this region and results in a great- 
er pressure dump loss thereby further reducing the 
nozzle pressure ratio. As noted above, the bypass 
valve 30 is typically opened during takeoff to reduce 
engine thrust and exhaust noise. It is typically dosed 
during cruising operations to provide maximum en- 
gine thrust. 

There has been disclosed heretofore the best 
embodiment of the invention presently contemplated. 
However, it is to be understood that various changes 
and modifications may be made thereto without de- 
parting from the spirit of the invention. For example, 
although a pivoting door 36 is shown in Figs. 5 and 6, 
the bypass valve 20 may take the form of a linearly 
axially sliding doors 54 as shown in Figs. 7, 8 and 9„ 
or a drcumferentially rotating sliding door as shown in 
Fig. 10. 

Doors 54 in Figs. 7, 8 and 9 may be simultaneous- 
ly actuated in a coordinated manner via connecting 
ring 56 which interconnects each door. Linear actua- 
tors 58 are connected to ring 56 to selectively move 
each door 54 axially back and forth over the primary 
engine bypass duct casing 60. Ports 62 are formed 
through casing 60 to admit bypass air 16 into flade 
duct 34 to mix with flade air 28. In Fig. 9, doors 54 are 
shown about 80% dosed in solid, and 100% open in 
phantom. Directional arrow 64 indicates the direction 
of movement of doors 54. 

Another arrangement for bypass valve 30 is 
shown in Fig. 10 wherein drcumferentially rotating 
sliding annular track 66 is tangentially actuated via lin- 
ear actuators 58. Actuators 58 are connected to track 
66 via connecting arms 68. Track 66 is formed with a 
plurality of drcumferentially spaced apertures 70 
which may be circumferentiaJly rotated into partial, full 
or no overlap with ports 62 formed in casing 60. In 
this manner, variable area openings are sel ctively 
effected via selective actuation of actuators 58 for the 
entry of bypass air 1 6 from duct 32 into f lad duct 34. 



Claims 

1. A noise suppressing exhaust system for a vari- 
5 able cyde engine having a flade fan, said system 

comprising: 

bypass duct means for exhausting high 
pressure air from said variable cyde engine; 

flade duct means for exhausting low pres- 
10 sure air from said flade fan; and 

bypass valve means selectively inter-con- 
necting said bypass duct means and said flade 
duct means for mixing said high pressure air with 
said low pressure air. 

15 

2. The system of claim 1 , wherein said bypass valve 
means comprises a movable door disposed be- 
tween said bypass duct means and said flade 
duct means. 

20 

3. The system of daim 2, further comprising hinge 
means and wherein said movable door is pivotally 
connected between said bypass duct means and 
said flade duct means by said hinge means. 

25 

4. The system of daim 3, wherein said movable door 
comprises a forward portion connected to said 
hinge means and a trailing portion movable with- 
in said flade duct means. 

30 

5. The system of daim 1, further comprising pri- 
mary exhaust duct means for exhausting core air 
from said variable cyde engine and primary valve 
means for admitting at least a portion of said high 

35 pressure air from said bypass duct means into 
said primary exhaust duct means. 

6. The system of claim 1 , wherein said bypass valve 
means comprises a circumferentiaJly rotating slid- 

40 ing door. 

7. The system of claim 1 , wherein said bypass valve 
means comprises a linearly actuated door. 

45 8. The system of daim 1 , further comprising a flade 
nozzle means located on said flade dud means 
downstream of said bypass valve means. 

9. A method for reducing thrust and noise produced 
so by a variable cyde aircraft engine, said engine 
comprising a flade fan, a flade dud for exhaust- 
ing flade air from said flade fan, a bypass dud for 
exhausting bypass air from said engin , nozzle 
means and a bypass valve locat d between said 
55 ducts, wherein said method comprises pening 
said bypass valve so as to provide open commu- 
nication between said ducts and thereby mix said 
bypass air with said flade air to form a mixed flow; 
and xhausting said mixed flow from said nozzi 
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means. 



10. The method of claim 9, further comprising high- 
flowing said engine while forming said mixed 5 
flow. 
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